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(54) Method for coating a substrate with a diamond like nanocomposite composition 


(57) The invention relates to a process for coating in 
a vacuum chamber a substrate at least in part with a 
diamond-like nanocomposite composition, comprising 
the steps of 

a) plasma etching of the substrate by bombardment 
of the substrate by ions of an inert gas such as Ar, 

b) introducing in the vacuum chamber, at a working 
pressure of between 5.10* 3 and 5.10' 2 mbar. a liq- 
uid organic precursor containing the elements C. H, 
Si O to be deposited in suitable proportions, which 
proportions remain substantially constant during 
the deposition process, 

c) forming a plasma from the introduced precursor 
by an electron assisted DC-discharge using a fila- 
ment with a filament current of 50-1 50 A, a negative 
filament bias DC voltage of 50-300 V and with a 
plasma current between 0.1 and 20 A, 

d) depositing the cxxnposition on the substrate to 
which a negative DC-bias or negative RF self-bias 
voltage of 200 to 1200 V is applied, in order to 
attract ions formed in the plasma; the frequency 
the RF voltage being comprised between 30 and 
1000 kHz. 
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Description 

Field and Background of the Invention 

The invention relates to a vacuum process for coat- s 
ing substrates with a diamond-like material, giving the 
substrate surfaces non-sticking properties, and making 
them i.a. very hard, corrosion and wear resistant and 
self-lubricating at the same time. The invention also 
relates to certain uses of substrates coated according to 10 
this method. 

Diamond Like Nanocomposite (DLN) compositions 
consist of an amorphous random carbon network which 
is chemically stabilized by hydrogen atoms, interpene- 
trating with an amorphous glass-like silicon network is 
which is chemically stabilized by oxygen atoms (a- 
C:H/a-Si:0). 

In US patent 5352493 a process is described for 
coating a substrate with a DLN composition in a vacuum 
chamber. Thereby a plasma is formed from an organic 20 
precursor containing the elements C, H Si and O to be 
deposited in a certain proportion. This composition is 
deposited from the plasma onto the substrate to which 
a negative DC-bias or RF self-bias voltage is applied. 

Most of the conventionally applied deposition proc- 25 
esses use high RF-vo!tage frequencies (up to 25 MHz, 
typically 13,56 MHz). This renders the upscaling of the 
process quite difficult. 

Moreover, in some known processes very low pressures 
(less than 3. 1 (T 4 mbar) are applied, making H difficult to 30 
apply a homogeneous coating, in particular on a sub- 
strate with a complex shape. It is however of great inter- 
est with regard to the industrial application of the 
homogeneous coatings - also on complex parts - to 
eliminate the need for very complex rotating substrate 35 
holders. 

An improved DLN coating, deposition process, and 
reactor design are described in applica .5 copending 
European patent applications Nos. 96201070 and 
97200279. 40 

Objects and Description of the Invention 

It is an aim of the invention to provide a flexible 
process for uniformly coating any substrate with a non- 46 
sticking homogeneous DLN composition. 
It is a further object of the invention to provide a coating 
method that ensures a good adherence of the coating 
onto the substrate, and that facilitates the upscaling to 
real industrial conditions. 50 

The coating method according to the invention 

comprises the steps of 

a) plasma etching of the substrate by bombardment 

of the substrate by ions ot an inert gas such as Ar ss 
(Reactive Ion Etching, RIE), 

b) introducing in the vacuum chamber, at a working 
pressure of between 5.10' 3 and 5.10" 2 mbar. a liq- 


uid organic precursor containing the elements C, H, 
Si. O to be deposited in suitable proportions, which 
proportions remain substantially constant during 
the deposition process, 

c) forming a plasma from the introduced precursor 
by an electron assisted DC-discharge using a fia- 
ment with a filament current of 50-1 50 A, a negative 
filament bias DC voltage of 50-300 V and with a 
plasma current between 0.1 and 20 A, 

d) depositing the composition on the substrate, to 
which a negative DC-bias or negative RF self-bias 
voltage of 200 to 1200 V Is applied, in order to 
attract ions formed in the plasma; the frequency of 
the RF voltage being preferably comprised between 
30 and 1000 kHz. 

The plasma etching step a) of the proposed coating 
method activates the surface and removes residual 
oxydes from it. This process step is essential for obtain- 
ing a good adherence of the coating onto the substrate. 

The liquid organic precursor is preferably a siloxane 
compound such as hexamethyWisiloxane (HMDS), with 
a relatively high content of Si and O. A polyphenyimeth- 
ylsiloxane. with a lower content of Si and O, can how- 
ever also be used as precursor. 

The use of a filament, e.g. a thoriated W filament, 
for forming the plasma by an electron assisted DC dis- 
charge, leads to a higher plasma density and thus to a 
deposition rate which is at least 20 % higher than that 
without use of the filament 

The bias voltage influences the properties of the 
deposited coatings, especially the hardness and the 
surface energy. The tower the bias voltage, the lower the 
hardness of the coating (e.g. 12 GPa at 500 V bias volt- 
age, compared to 8 GPa at 300 V bias voltage), and the 
lower the surface energy. The non-sticking properties of 
the deposited coatings are indeed better when the coat- 
ing is deposited at lower bias voltages. 

The low RF frequency used in in step d) of the pro- 
posed coating method facilitates its upscaling. 

In a vacuum reactor as described in applicant's 
copending application 96201070 the precursor is intro- 
duced with Ar as a carrier gas. The mixture gas^recur- 
sor is delivered in a controllable manner to the vacuum 
chamber through a controlled evaporation mixing sys- 
tem. The liquid precursor is passed through a liquid 
mass flow controller to a mixing valve where it is com- 
bined with the carrier gas stream. From there it is trans- 
ferred to a mixing chamber which is heated to about 
80°C to 200°C, The precursor evaporates in the mixture 
and the hot mixture enters the vacuum chamber. 

The working pressure is typically about 5.10* 3 to 
5.10* 2 mbar, which is much higher than the pressures 
being applied in some known processes, favouring a 
more homogeneous deposition on complex substrates. 

The non-sticking properties of the coating can be 
expressed in terms of its (low) surface energy and the 
(high) contact angle of a water droplet on it. 
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blades are excellent The coated blades perform at least 
as well as the commonly used tef ton-coated ones. 

Furthermore, the non-sticking DLN compositions 
show promising use as coatings on means for process- 
ing food, plastics and pharmaceuticals. 

Claims 

1 A process for coating In a vacuum chamber a sub- 
strate at least in part with a diamond-like rwocom- 
posite composition, comprising the steps of 

a) plasma etching of the substrate by bombard- 
ment of the substrate by ions of an inert gas 
such as Ar, 

b) introducing in the vacuum chamber at a 
working pressure of between 5.10 and 5.10 
mbar, a liquid organic precursor containing the 
elements C, H, Si, 0 to be deposited in suitable 
proportions, which proportions remain sub- 
stantially constant during the deposition proc- 


15 


8 A process according to daim 1 whereby the sub- 
strate is a mould used tar injection moulding of pol- 
ymer materials, which is coated at least in part with 
a non-sticking diamond-like nanoaxnposite com- 
position. 

9 A process accorcfing to daim 1 whereby the sub- 
strate is an electrode tor welding nylon by fusion, 
which is coated at least in part with a non-sticWng 
diamond-like nanocomposite composition. 

10 A process according to daim 1 whereby the sub- 
* strate is an electro-surgical cutting Wade, which® 

coated at least in part with a non-sticWng diamond- 
like nanocomposite composition. 
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c) forming a plasma from the introduced pre- 
cursor by an electron assisted DC<fecharge 
using a filament with a filament current of 50- 
150 A, a negative filament bias DC voltage ot 
50-300 V and with a plasma current between 

0.1 and 20 A, . 

d) depositing the composition on the substrate, 
to which a negative DC-bias or negative RF 
self-bias voltage of 200 to 1200 V is applied m 
order to attract ions formed in the plasma; the 
frequency of the RF voltage being comprised 
between 30 and 1000 kHz. 

2. A process according to claim 1 , wherein the organic 
precursor is an organosilicon compound. 

3. A process according to claim 2. whereby hexameth- 
yldisiloxane is used as organic precursor. 

4 A process according to daim 1 , whereby during the 
deposition an inert gas is introduced in the vacuum 
chamber, ionised and incorporated by ion bombard- 
ment of the growing nanocomposite layer. 

5. A process according to daim 1 wherein the precur- 
sor is mixed with a carrier gas for introdjction tn the 
vacuum dumber and the mixture is heated to ^ 
evaporate the precursor. 

6. A process according to claim 5 wherein the carrier 
gas comprises an inert gas. 

7 A process according to claim 1 . whereby at least 
' one trarisitic* metal is co^^ 

tion layer by ton sputtering or by thermal evapora- 
tion. 
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